A survey of the entire southern sky for millisecond and low-luminosity pulsars using the ATNF Parkes radio telescope has now been completed. The survey detected 298 pulsars, of which 101 were previously unknown. The new pulsars include 17 millisecond pulsars. This is the largest sample of both normal and millisecond pulsars detected in any survey. Combining our sample with other recent surveys in the Northern Hemisphere, we present a statistical study of the populations of both normal and millisecond pulsars. We find that the improved statistics allow us to estimate the number and birth-rate of both types of pulsar down to a 400-MHz luminosity limit of 1 mJy kpc 2 . The local surface densities of potentially observable normal pulsars and millisecond pulsars are both about 30 kpc ¹2 , corresponding to ϳ30 000 potentially observable pulsars of each type in the Galaxy. Once beaming effects are taken into consideration we estimate that the active population of normal pulsars is ϳ160 000. Although there is evidence for flattening of the luminosity function of normal pulsars, this is not evident for millisecond pulsars which probably have a substantial population with luminosities below 1 mJy kpc 2 .
A survey of the entire southern sky for millisecond and low-luminosity pulsars using the ATNF Parkes radio telescope has now been completed. The survey detected 298 pulsars, of which 101 were previously unknown. The new pulsars include 17 millisecond pulsars. This is the largest sample of both normal and millisecond pulsars detected in any survey. Combining our sample with other recent surveys in the Northern Hemisphere, we present a statistical study of the populations of both normal and millisecond pulsars. We find that the improved statistics allow us to estimate the number and birth-rate of both types of pulsar down to a 400-MHz luminosity limit of 1 mJy kpc 2 . The local surface densities of potentially observable normal pulsars and millisecond pulsars are both about 30 kpc ¹2 , corresponding to ϳ30 000 potentially observable pulsars of each type in the Galaxy. Once beaming effects are taken into consideration we estimate that the active population of normal pulsars is ϳ160 000. Although there is evidence for flattening of the luminosity function of normal pulsars, this is not evident for millisecond pulsars which probably have a substantial population with luminosities below 1 mJy kpc 2 .
After correcting for beaming effects, we estimate that a normal pulsar is born with a luminosity greater than 1 mJy kpc 2 between once every 60 and 330 yr in the Galaxy. The birth-rate of millisecond pulsars is at least 3 × 10 ¹6 yr ¹1 above the same luminosity limit. Modelling the observed transverse speeds of millisecond pulsars using a dynamical simulation, we find their mean birth velocity to be 130 Ϯ 30 km s ¹1 , significantly lower than that of the normal pulsars.
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I N T R O D U C T I O N
A survey of the entire Southern Hemisphere for millisecond and low-luminosity pulsars has been conducted at a radio frequency of 436 MHz using the Parkes radio telescope of the Australia Telescope National Facility (ATNF). The technical details and the results of the first part of the survey are described by Manchester et al. (1996) (hereafter Paper I). In this paper, we report on the results of the second part of the survey. During the course of the survey, a total of 298 pulsars have been detected, of which 19 are millisecond pulsars (Johnston et al. 1993; Bailes et al. 1994 Bailes et al. , 1997 Lorimer et al. , 1996 Stappers et al. 1996) , including by far the brightest and one of the closest millisecond pulsars known, PSR J0437¹4715 (Johnston et al. 1993) . In addition, the discovery of a very low-luminosity pulsar, PSR J0108¹1431, which is one of the closest known neutron stars, has also been announced (Tauris et al. 1994) . The survey has detected more normal pulsars and more millisecond pulsars than any other single survey so far, providing a superb data base for statistical studies. We have therefore combined these data with the best surveys of the Northern Hemisphere at similar frequencies in order to study the properties of the local Galactic populations of normal and millisecond pulsars. To assist these and other evolutionary studies, the newly discovered pulsars have been the subject of a programme of timing observations with both the Parkes 64-m and Jodrell Bank 76-m telescopes; the results of these measurements are to be published by D'Amico et al. (1998) (hereafter Paper III).
The observing system and analysis procedures are fully described in Paper I and we describe them only briefly in Section 2. Results from the second part of the survey are given in Section 3 and the results from the whole survey are discussed in Section 4. Our analysis of the population of normal and millisecond pulsars is presented in Section 5. In Section 6 we assess the velocity distribution of millisecond pulsars and finally, in Section 7, we draw our conclusions.
O B S E RV I N G S Y S T E M A N D A N A LY S I S P R O C E D U R E S
The 64-m radio telescope at Parkes was used at a central observing frequency of 436 MHz, providing a beamwidth of 0Њ : 75 at FWHM. Signals from each of two orthogonal polarizations, each of bandwidth 32 MHz, were amplified in cryogenic FET amplifiers which provided a system-noise temperature on cold sky of about 50 K, corresponding to a system equivalent flux density of ϳ90 Jy. The signals were fed to a filterbank which consists of 256 contiguous channels of 125-kHz width for each of the two polarizations. The detected signals were added in polarization pairs and digitized to 1-bit precision every 300 s. Data were stored on Exabyte tapes for subsequent off-line processing.
The main analysis was subsequently performed using computing systems at the ATNF and Jodrell Bank. Data were de-dispersed for up to 738 values of dispersion measure (DM) in the range 0 to the smaller of 777 and 42/sin b cm ¹3 pc, where b is the Galactic latitude. The resulting time sequences were Fourier transformed to produce power spectra. After removing known interference features in the spectra, they were searched for high signal-tonoise ratio (S/N) features. These candidate pulsars or 'suspects' were then further verified by forming an inverse transform of the harmonics of the suspect periods and also by doing a limited search of the original time sequence around the nominal period and DM. Surviving suspects were stored for visual inspection and possible confirmation observations. See Paper I for a more detailed description of the observing system.
The sky south of the celestial equator was covered with an approximately hexagonal grid of 44 299 observation pointings, each consisting of 157-s or ϳ512-k samples. These pointings are aligned along strips of constant declination (d) separated by 0Њ : 65, with adjacent pointings separated by approximately 180/cosd s in right ascension. The most southerly declination is ¹89Њ : 7, with only three observation pointings.
About 3 per cent of the pointings produced good suspects and these were re-observed in order to assess the presence or absence of a pulsar. Confirmed pulsars were then scanned in right ascension and declination to give improved positions. Subsequent arrival-time measurements using the Parkes telescope or the 76-m Lovell telescope at Jodrell Bank were used to establish the presence of any binary motion and to refine the position and period evolution.
The survey commenced on 1991 July 29. Paper I reported on observations performed before 1993 February 28, during which time a total of 28 465 beam areas were observed. Here we report on the observation of a further 15 377 beam areas, representing the remainder of the survey, which has, in total, covered 99 per cent of the Southern Hemisphere. Fig. 1 represents the Galactic distribution of all 43 842 observed pointings for which good data were obtained. A number of scattered blank areas reported in Paper I represented observations affected by interference, and most of these were successfully re-observed.
Sensitivity
The ultimate sensitivity of the survey is a function of many factors which limit the completeness of the sample of detected pulsars and which must be understood in order to permit statistical studies of the population. The basic survey sensitivity is given by
where a ðϳ8Þ is the minimum detectable S/N, b ðϳ1:5Þ is a factor representing digitization and other processing losses, T sys is the sum of receiver temperature and sky temperature, G is the antenna gain parameter which has an approximate value of 0.64 K Jy
¹1
, N p is the number of polarizations (two in this case), Dn is the total radio frequency bandwidth (32 MHz), t int is the integration time (157.3 s), P is the pulse period and W is the effective pulse width . With the survey parameters given above, equation (1) becomes
The pulse width W is given by
scatt , where W 0 is the intrinsic pulse width, t samp is the sampling interval, t DM is the dispersion smearing across one frequency channel, and t scatt is the broadening of the pulse owing to interstellar multipath scattering. The latter can be very large for distant pulsars near the Galactic plane and is one factor which severely limits the detection of such pulsars in this survey. For a typical pulse duty cycle W=P ¼ 0:08, equation (2) gives S min ϳ 3 mJy for a pulsar at the beam centre at high Galactic latitudes. Fig.  6 in Paper I shows the survey sensitivity as a function of pulse period for several DM values for pulsars both on and away from the Galactic plane.
R E S U LT S
Analysis of the 43 842 beam positions successfully observed in the course of the survey resulted in the detection of 298 pulsars. Of these, 55 were new discoveries described in Paper I and 46 are further new discoveries which are listed in Table 1 . These include nine recently announced millisecond pulsars (Lorimer et al. 1996; Stappers et al. 1996; Bailes et al. 1997) . The first column gives the J2000 name, based on the J2000 coordinates which are given to full precision in Paper III. In some cases, the quoted coordinates are sufficiently uncertain that the name may change as improved positions become available. The Galactic longitude and latitude are listed in the second and third columns. The basic pulsar parameters, period and dispersion measure, are listed in the next two columns. The most precise values available for all these parameters are given in Paper III. The sixth column gives the S/N of the detection (not the confirmation) and the seventh column gives the measured flux density at 436 MHz, S 436 , based upon the average of the confirmation and subsequent observations to reduce the effects of interstellar scintillation. Observed widths of the mean pulse profile at the 50 and 10 per cent levels are given in the next two columns. The final column contains keys to the previous publications of the millisecond pulsars.
Of the nine millisecond pulsars discovered in this part of the survey, five are members of binary systems, the orbital parameters of which are listed in Table 2 . All of the systems have nearly circular orbits and all have relatively low-mass companions, probably white dwarfs (Lorimer et al. 1996; Stappers et al. 1996) . At this stage, none of the other pulsars in Table 1 is known to have a binary companion. There is no evidence of planet-mass bodies in orbit around any of the millisecond pulsars Bailes et al. 1997) . Table 3 lists the 51 previously known pulsars detected in this part of the survey. The first two columns are the pulsar J2000 and B1950 names respectively, and the next two columns give the S/N of the detection observation (where a pulsar was detected at more than one grid position, the largest value is taken) and the expected S/N. This latter value was computed using equation (1), taking into account the mean 400-MHz flux density from Taylor, Manchester & Lyne (1993) , the effective pulse width, the sky background temperature at the pulsar position (Haslam et al. 1982 ) and the gain loss resulting from offset of the pulsar from the beam centre.
A total of 12 known pulsars with expected S/N above 8.0 were missed by the survey: that is, they were within the half-power beam of an observation, but were not detected by the search procedure. These pulsars are listed in Table 4 . Several southern globular cluster pulsars and many high-DM pulsars discovered in the highfrequency surveys along the Galactic plane (Clifton et al. 1992; Johnston et al. 1992a ) were expected to be (and were) below our detection limit. In Table 4 , the sixth column gives the expected S/N from equation (1), ignoring the effects of interstellar scattering. The four pulsars with DMs ϳ > 300 cm ¹3 pc are all likely to suffer significant broadening from interstellar scattering, so reducing the expected S/N and probably explaining their non-detection. Thus the number of missed pulsars that we could have expected to have detected is similar to the number (seven) of detected pulsars with expected values of S/N less than 8.0 (Table 3) .
S TAT I S T I C A L OV E RV I E W
This survey has clearly been very successful in its main aim of increasing the number of known millisecond pulsars in the Galactic disc. Before the survey began in 1991, only five such pulsars were known, and the survey has added a further 17. Other searches at Arecibo (Foster, Wolszczan & Camilo 1993; Nice, Taylor & Fruchter 1993; Camilo 1995; Ray 1995) and Jodrell Bank (Navarro et al. 1995; Nicastro et al. 1995) have in the meantime added a further 13 such pulsars. The Parkes survey has also discovered a substantial number of low-luminosity normal pulsars, including PSR J0108¹1431 (Tauris et al. 1994) .
The period distributions of the 101 new discoveries and all the 298 pulsars that were detected are shown in Fig. 2 . The pulsars clearly fall into two groups, millisecond pulsars and normal pulsars, with 17 per cent of the new discoveries and 6 per cent of all detections in the millisecond group. Two previously known millisecond pulsars were detected, PSR B1620¹26 in the globular cluster M4 (Lyne et al. 1988) and PSR B1820¹30A in the globular cluster NGC 6624 (Biggs et al. 1994) ; all other millisecond pulsars lay below our sensitivity limit, not surprisingly, since they were all discovered in deep targeted searches of globular clusters. The median period of the new non-millisecond pulsars, 0.54 s, is somewhat less than that of the detected previously known pulsars, 0.64 s. This reflects this survey's better sensitivity to short-period pulsars compared with many previous large-scale surveys. Fig. 3 shows the DM distributions of the new and all the detected pulsars. The new pulsars are confined to DMs of less than about 270 cm ¹3 pc, whereas the previously known pulsars were detected at DMs extending to more than 500 cm ¹3 pc. This is mainly because of strong selection effects which reduce the sensitivity to such high-DM pulsars, the survey being carried out at the rather low frequency of 436 MHz. The main effects are the high sky brightness temperature in the Galactic plane, where distant, high-DM pulsars are found, and the large pulse smearing resulting from interstellar scattering associated with the large DMs. These effects have been countered in two higher frequency surveys carried out close to the Galactic plane (Clifton et al. 1992; Johnston et al. 1992b) , which detected a large number of pulsars with DM values over ϳ200 cm ¹3 pc. These surveys were responsible for most of the previously known high-DM pulsars. The DM distribution of the new millisecond pulsars is much narrower than that of the normal pulsars. This is primarily due to the reduced sensitivity of the survey to high-DM millisecond pulsars (see Paper I, fig. 6 ). Bailes et al. (1997) ; (2) Lorimer et al. (1996) ; (3) Stappers et al. (1996) .
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Figs 4 and 5 give the distributions of the new detections and all the detected pulsars in Galactic coordinates. This sample of millisecond pulsars shows little or no concentration toward the Galactic equator, but the newly discovered normal pulsars tend to be closer to the equator, albeit with a wider scatter than the previously known pulsars. This is also illustrated by Fig. 6 which shows the distributions in Galactic z-distance of the new and all the detected pulsars.
were derived using the model of Taylor & Cordes (1993) and listed in the catalogue for the previously known objects. High bins at the ends of the distributions in Fig. 6 are a result of the lower limits assigned by the distance model. The z-distribution of the new pulsars is significantly wider than that for the previously known pulsars; the median values of jzj are 0.58 and 0.35 kpc respectively, reflecting the good sensitivity of the survey at high Galactic latitudes. The median values of jzj for the detected millisecond and non-millisecond pulsars are 0.35 and 0.44 kpc respectively; there is no statistically significant difference between the z-distributions of the two classes of pulsars.
Possible associations of the new pulsars with Galactic supernova remnants (SNRs) and globular clusters (GCs) were checked by comparison with the catalogues of Green (1996) and Webbink (1985) . Three pulsars detected in the survey lie within a degree of SNRs: J0905¹5127 and J0907¹5157 lie 35 and 6 arcmin respectively from G272¹3.2 and, as noted in Paper I, J1835¹1106 lies 41 arcmin from G21.5¹0.9, although there is nothing else to commend these associations. While two previously known pulsars detected in the survey, PSRs B1620¹26 and B1820¹30A, are associated with globular clusters, there is no clear association of any new pulsar discovered by this survey with a globular cluster.
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᭧ 1998 RAS, MNRAS 295, 743-755 Lorimer et al. (1996) ; (2) Stappers et al. (1996) . The radio luminosities of the new detections and all the detected pulsars are shown in Fig. 7 . Here the luminosity is calculated as
The survey has increased the number of low-luminosity pulsars so that there are now four normal pulsars in the Southern Hemisphere with luminosity less than 3 mJy kpc 2 , compared with only one known previously. Even though such weak pulsars are very numerous in the Galaxy, only a small number are known because of the small volume of space close to the Sun in which they can be detected.
T H E N O R M A L A N D M I L L I S E C O N D P U L S A R P O P U L AT I O N S
In this section, we attempt to establish the local space densities of normal and millisecond pulsars. The high sensitivity and large sky coverage of the survey make it by far the best survey to date for studying the low-luminosity members of the population which, of course, comprise the large majority. The subsequent timing observations (see Paper III and references therein) have provided period derivatives for most of the detected pulsars, allowing studies of the local birth-rates of both populations. Since there are extreme selection effects which prevent the detection of distant pulsars at this low frequency and which are difficult to model accurately, we use the new data to establish only the local space density and local birth-rate of pulsars, and rely on the higher frequency surveys to extrapolate to the whole of the Galactic population. We begin by discussing each of the two populations separately. As we will see, the luminosity functions of both populations are now well determined down to a limit of about 1 mJy kpc 2 . This allows us, for the first time, to make a reliable quantitative estimate of the relative abundances of the two populations.
The population of normal pulsars
One aim of this survey was to revisit the statistics of the lowluminosity pulsar population which was investigated by Lorimer et al. (1993, hereafter LBDH) just before this survey. LBDH demonstrated that previous surveys could not make reliable statements about the population and birth-rate of pulsars with luminosities lower than about 10 mJy kpc 2 , mainly because of the small numbers resulting from the poorer sensitivity of previous surveys to faint pulsars. The improved sensitivity of this survey means that we should now be able to put better constraints on the population of pulsars with luminosities below 10 mJy kpc 2 . Any estimate for the number of pulsars in the Galaxy must take account of the fraction of pulsars missed by the surveys as a result of the known selection effects. This is most readily achieved by computing a weight, or scale factor, for each pulsar by placing it at a large number of randomly selected locations in a model Galaxy and recording the number of 'detections', i.e. those positions for which the predicted S/N exceeds the survey limit (Section 2.1). The scale factor is then defined as the ratio of the number of locations tried to the number of detections. In this way, for each pulsar, the scale factor gives us an estimate of the number of similar pulsars in the Galaxy. LBDH verified the validity of this approach using synthetic populations of pulsars with well-defined intrinsic properties. One can also correct for the effects of beaming of the pulsar radiation; because of beaming, only a fraction of the active pulsars are potentially observable, that is, have their beams directed toward us. To make this correction, the scale factor is divided by the 'beaming fraction' estimated from an appropriate model, such as that described by Biggs (1990) . As in LBDH, we estimate the numbers of pulsars with and without such a beaming correction in order to distinguish between the properties of the population of potentially observable pulsars, which is independent of any assumptions made about the beaming, and the total active pulsar population, which depends on the validity of the adopted beaming model. As mentioned above, because of severe selection effects in the inner Galaxy, we choose to focus here on only the local population. We do this by considering only those pulsars within a cylinder of radius 1.5 kpc centred on the Sun and with axis normal to the Galactic plane. A total of 84 normal pulsars satisfy this criterion. To simulate this sub-set of the population, we generate 10 5 positions within this cylinder distributed with a uniform surface density along the Galactic plane. To model the dispersion of pulsars with respect to the Galactic plane, each position is assigned a height z above the Galactic plane which is chosen from a Gaussian distribution in z with a scaleheight j z . The rest of the procedure is similar to that described by LBDH with the exception of the distance model. Here we use the Taylor & Cordes (1993) model to derive pulsar distances, DMs and scattering time-scales for the model pulsars at each location. In addition to the present survey, we consider the Jodrell Bank 'A' survey (Davies, Lyne & Seiradakis 1972 , 1973 , the U. Mass-Arecibo survey (Hulse & Taylor 1974) , the second Molonglo survey (Manchester et al. 1978) , the U. Mass-NRAO survey (Damashek, Taylor & Hulse 1978) , the Princeton NRAO survey phase I and phase II , the Princeton Arecibo survey (Nice, Fruchter & Taylor 1995) , and several high-latitude searches at Arecibo (Thorsett et al. 1993; Foster et al. 1995; Ray et al. 1995; Camilo, Nice & Taylor 1996a; Camilo et al. 1996b) , as well as the Jodrell Bank millisecond pulsar survey (Nicastro et al. 1995 ).
An important check on the validity of the assumed dispersion of the model population with respect to the Galactic plane is obtained by comparing the z-distribution of the detected model positions during the scale factor analysis with that of the real observed pulsars (cf. . The best-fitting scaleheight was found to be between 400 and 500 pc, consistent with the observed value . Models with lower scaleheights produce an excess of pulsars close to the Galactic plane, whereas models with larger scaleheights produce too many high-z pulsars. In the remainder of this section, therefore, we adopt 450 pc as the underlying scaleheight of the normal pulsar population. Fig. 8 shows the observed luminosity function and the derived luminosity function before and after beaming corrections have been applied. As before (LBDH), the luminosity function was formed by summing the scale factors for the pulsars contained in each luminosity bin. The difference between the observed and derived distributions below 10 mJy kpc 2 highlights the severe undersampling of low-luminosity pulsars in the observed population. Accordingly, the distribution below 1 mJy kpc 2 becomes highly uncertain because of small numbers, and is not displayed. Based upon Fig. 8 , we estimate the number of potentially observable pulsars with luminosities greater than 1 mJy kpc 2 within a cylindrical radius of 1.5 kpc to be 210 Ϯ 40, corresponding to a local surface density of 30 Ϯ 6 kpc ¹2 . The errors here represent the statistical uncertainty in the scale factors (Vivekanand & Narayan 1981; LBDH) . Applying the beaming model of Biggs (1990) , the corresponding numbers are 1100 Ϯ 220 pulsars with a mean surface density of 156 Ϯ 31 kpc ¹2 . We now estimate the number of pulsars in the whole Galaxy by assuming that the distribution has azimuthal symmetry, and using a scaling factor of 1000 Ϯ 250 kpc 2 for the ratio of the Population I content of the whole Galaxy to the local surface density at the position of the Sun (Ratnatunga & van den Bergh 1989) . Thus we estimate the Galactic population of potentially observable pulsars with luminosities greater than 1 mJy kpc 2 to be ð30 Ϯ 10Þ × 10 3 , corresponding to ð160 Ϯ 50Þ × 10 3 active pulsars.
The birth-rate of normal pulsars
A relatively model-independent technique to determine the birthrate of pulsars is the pulsar current analysis (Phinney & Blandford 1981; Vivekanand & Narayan 1981) . The idea here is to compute the flow ('current') of pulsars from short to long periods as a function of period. In this scheme, provided that the population is in a steady state, the birth-rate required to sustain the population is just The observed and underlying distributions of pulsar luminosity at 400 MHz, based upon a sample of 84 'normal' (non-millisecond) pulsars lying within a cylindrical radius of 1.5 kpc from the Sun. The observed distribution is given by the dashed line. The distribution of potentially observable pulsars, obtained by correcting the observed sample for selection effects, is given by the dash-dotted line, whilst the solid line shows the distribution of active pulsars, obtained by applying the beaming model of Biggs (1990) to the potentially observable distribution. The error bars on the latter distribution represent the statistical uncertainties in the scale factor calculation. The straight line shows a fit to the data above 10 mJy kpc the current at short periods. In this section, we use this technique to calculate the local birth-rate of pulsars using a pulsar current analysis on the sub-set of 82 pulsars from the above sample that have measured values ofṖ. Our analysis follows a similar style to that of LBDH, i.e. we estimate the contribution made to the gross pulsar current by each pulsar to be its scale factor multiplied by itṡ P.
The distribution of pulsar current is shown in Fig. 9 before and after the application of the Biggs (1990) beaming factor to the scale factors. The corresponding birth-rates are ð2:8 Ϯ 1:7Þ × 10 ¹4 PSR century ¹1 kpc ¹2 for the potentially observable pulsars and ð10 Ϯ 6Þ × 10 ¹4 PSR century ¹1 kpc ¹2 after applying the beaming model. Because of our sample definition, these birth-rates apply just to the population of pulsars with luminosities greater than 1 mJy kpc 2 . The birth-rate in the Galaxy as a whole is obtained by multiplying these values by the same factor of 1000 discussed in the previous section, giving values of 0:3 Ϯ 0:2 and 1:0 Ϯ 0:7 per century respectively. The latter figure corresponds to a minimum birth-rate of one every 60 to 330 yr in the Galaxy.
So what does this survey tell us about the population of faint pulsars? LBDH concluded that relatively little could be said about the population of pulsars below 10 mJy kpc 2 because of their overwhelming effect on the scale factors derived from previous surveys. It was proposed by LBDH that there may be no need for a significant number to be born with luminosities below 30 mJy kpc 2 in order to explain the observed population of pulsars. The improvement to this analysis using the Parkes and Arecibo surveys over that of LBDH has allowed us to reduce our luminosity limit to 1 mJy kpc 2 . Despite this order-of-magnitude reduction, the number and birth-rate estimates are only a factor of 2-3 larger than those found by LBDH. This reflects the significant flattening of the luminosity function below 20 mJy kpc 2 seen in Fig. 8 .
The population of millisecond pulsars
Although this survey has found many millisecond pulsars, its sensitivity to these objects is generally somewhat poorer than to normal pulsars because of the pulse broadening arising from instrumental effects and interstellar dispersion. The effects, which
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᭧ 1998 RAS, MNRAS 295, 743-755 Figure 9 . Pulsar current for potentially observable pulsars based upon the 82 pulsars with measured period derivatives within 1.5 kpc of the Sun. are a strong function of pulsar period and dispersion measure, are described in Paper I. The form of the underlying period distribution of millisecond pulsars has been discussed by Lorimer et al. (1996) .
Here we discuss what can be learned about their local space density and birth-rate, and extrapolate the results to the whole of the Galaxy. We finally use a dynamical simulation to assess the likely velocity distribution at birth. To estimate the local surface density of millisecond pulsars, we used the same analysis as described for the normal pulsars. The sample used was defined as being all known objects within the 1.5-kpc cylindrical radius of the Sun, and contains the 21 pulsars listed in Table 5 . Summing the scale factors in Table 5 , we estimate there to be 1110 Ϯ 600 millisecond pulsars in the local solar neighbourhood or a local surface density of 157Ϯ85 kpc ¹2 for L 436 > 0:3 mJy kpc 2 . This estimate is significantly influenced by the three very lowluminosity pulsars: J1024¹0719, J1744¹1134 and J2124¹3358 . For pulsars with L 436 > 1:0 mJy kpc 2 , we estimate 200 Ϯ 85 pulsars, or a surface density of 28 Ϯ 12 kpc ¹2 . The observed and derived luminosity distributions for the full sample of 21 objects are shown in Fig. 10 .
Since we have no cause to suspect that millisecond pulsars have a substantially different intrinsic galactocentric radial distribution from that of normal pulsars, we use the same scale factor to derive the total population from the local surface density. This gives Galactic populations of potentially observable millisecond pulsars of ϳ30 × 10 3 and 200 × 10 3 for luminosities exceeding 1 and 0.3 mJy kpc 2 respectively. Because of beaming effects, the total active population will be larger.
Relative abundances of normal and millisecond pulsars
Our calculations for the number of normal and millisecond pulsars in the local solar neighbourhood allow, for the first time, a quantitative estimate of the relative abundances of the two populations. For the number estimates of potentially observable pulsars of both types, we find the ratio of normal-to-millisecond pulsars with luminosities greater than 1 mJy kpc 2 to be 1:1 Ϯ 0:5. Thus, for this common luminosity limit, the number of millisecond pulsars with beams that intersect our line of sight is remarkably similar to the number of normal pulsars. However, it is clear from a comparison of Figs 8 and 10 that millisecond pulsars are, on average, less luminous than normal pulsars. The median luminosities of the observed samples are, respectively, 9 and 15 mJy kpc 2 -not so different. However, low-luminosity millisecond pulsars are much more heavily selected against by current surveys. The luminosity function for normal pulsars flattens off at luminosities less than about 20 mJy kpc 2 , whereas that for millisecond pulsars remains consistent with a slope of ¹1 to the lowest luminosities sampled, ϳ0:3 mJy kpc 2 . Therefore, at low luminosities, the number of potentially observable millisecond pulsars is much greater than the number of potentially observable normal pulsars. On the other hand, the beams of millisecond pulsars are, on average, wider than those of normal pulsars. Whilst it is hard to quantify the behaviour of these functions down to low luminosities, it seems that the populations of active millisecond and normal pulsars are comparable.
The birth-rate of millisecond pulsars
It is generally believed that the ages of the millisecond pulsars are much greater than those of normal pulsars and probably similar to the age of the Galaxy. The evidence for this comes from their large characteristic ages (Camilo, Thorsett & Kulkarni 1994a) and, for those millisecond pulsars in binary systems, optical observations of cool white dwarf companions (Bell, Bailes & Bessell 1993; Bell et al. 1995; Lundgren et al. 1996) . We attempted to derive the birthrate using the pulsar current approach described above. The small size of the sample meant that we were not able to derive a statistically significant birth-rate for the population using this method. We can, however, set a firm lower limit to the birth-rate of millisecond pulsars, noting that their ages must not exceed the age of the Galactic disc, which we take to be 10 10 yr. Based on the population estimates calculated in Section 5.3, and for a beaming fraction of unity, we find the birth-rate of millisecond pulsars to be at least 3 × 10 ¹6 and 20 × 10 ¹6 yr ¹1 above luminosities of 1 and 0.3 mJy kpc 2 respectively. This is consistent with earlier work which was based on a slightly smaller sample .
T H E S PAC E V E L O C I T I E S O F M I L L I S E C O N D P U L S A R S
The velocities given to pulsars at birth result in a general movement of the population away from the Galactic plane. The velocities of normal pulsars have already been extensively discussed (Dewey & Cordes 1987; Bailes 1989; Lyne & Lorimer 1994; van den Heuvel & van Paradijs 1997; Lorimer, Bailes & Harrison 1997) , showing that they have birth space velocities of 400¹500 km s ¹1 , most probably from kicks resulting from asymmetry in the supernova events of formation. We focus our attention here on the velocities of millisecond pulsars. The sample of millisecond pulsars used throughout this section and the surveys used to discover them are the same as those used in the previous section (see also Lorimer et al. 1996) .
Timing measurements have already given the proper motions for 13 of the millisecond pulsars in our sample. The transverse speed of a pulsar may be calculated from its proper motion m (mas yr ¹1 ) and DM-derived distance d (kpc) using the following expression:
ð3Þ The transverse speeds derived from these data are given in Table 5 . For those seven millisecond pulsars that presently do not have a measured proper motion, we also include in Table 5 1970; Camilo et al. 1994a ). The mean V t for the 13 millisecond pulsars that have measured values is 88 Ϯ 19 km s ¹1 . We note that these upper limits are mostly greater than this mean and are consistent with the true velocities of these pulsars being similar to those presently measured. In the discussion that follows, we consider only those transverse speeds that have been measured.
Since the ages of all the millisecond pulsars are almost certainly much greater than their oscillation time across the plane of the Galaxy (տ60 Myr: Mihalas & Binney 1981) , the population will now have a scaleheight above the plane which depends upon the magnitude of their birth velocities. From our vantage point close to the plane of the Galaxy, surveys will therefore detect an excess of pulsars at small z-distance which are likely to have preferentially small z-velocities. On the other hand, detected pulsars are close to the plane where their kinetic energy is greatest. The net effect on the derived total space and transverse velocities of the observed pulsars is, in fact, small.
To determine what initial velocity distribution is consistent with the observed transverse speeds, we performed a number of simulations in which we followed the orbits of pulsars in the Carlberg & Innanen (1987) model of the Galactic potential for up to 10 10 yr using a numerical integration technique to solve the equation of motion. After applying our model of the survey selection effects, we obtained model observed samples with distributions in transverse velocity V t and height above the Galactic plane z. As in previous work (Lorimer et al. 1996) we took care to ensure that the modelobserved samples contained a large number of pulsars (typically ϳ1500) in order to minimize the effect of statistical noise. To compare these with the observed sample in Table 5 , we used the Kolmogorov-Smirnov (KS) test (Press et al. 1986 ) which returns a probability that the two distributions are the same for both V t and z.
In the simulations, we considered five different Maxwellian velocity distributions with 1D dispersions of j v ¼ 0, 50, 75, 100 and 150 km s ¹1 , which we shall refer to as models (a) to (e) respectively. For each model, the resulting model observed, transverse velocity distribution is compared directly with the observed sample in Fig. 11 . It is evident from model (a), which has no intrinsic velocity dispersion, that velocities of millisecond pulsars clearly require more than just Galactic rotation to explain their observed distribution, with the model distribution producing too few high-velocity pulsars. Conversely, model (e), with a 1D velocity dispersion of 150 km s ¹1 , produces too many high-velocity pulsars.
Model (c) agrees best with the observations, with a KS probability of 85 per cent. These models suggest that the data are most consistent with a 1D velocity dispersion of 80 Ϯ 20 km s ¹1 . Such a model sample has a mean observed value of V t of 85 km s ¹1 , consistent with that of the observed sample. It is interesting to note that the model underlying, as opposed to the model observed, sample has a mean transverse speed of 100 km s ¹1 , showing the strength of the selection effect against detecting millisecond pulsars with larger space velocities. As a consistency check, we can compare the observed z-distribution with the model sample. For model and observed samples these are calculated using the distances obtained from the Taylor & Cordes (1993) electron density model. For the observed sample, we find the mean jzj to be 380 Ϯ 70 pc. The adopted model has a mean value of jzj of 393 pc, in satisfactory agreement.
To summarize, we find that a population with a Maxwellian initial 1D velocity dispersion of 80 Ϯ 20 km s ¹1 agrees best with the existing data, corresponding to a mean space velocity of 130 Ϯ 30 km s ¹1 (the mean of a 3D Maxwellian distribution is 8= p times the 1D dispersion). This velocity distribution must be that of those binary systems that survived the supernova explosion that formed the neutron star and went on to produce a millisecond pulsar by accreting matter from the companion star. Very few binaries are likely to survive the supernova explosions that result in larger kick velocities. This distribution has been discussed by Tauris & Bailes (1996) and by Ramachandran & Bhattacharya (1997) . Tauris & Bailes (1996) developed a detailed binary evolution code which predicts the velocity distribution of the surviving binary systems as a function of the initial kick velocity imparted to the neutron star at birth.
We have extended the analysis of Tauris & Bailes (1996) using the Lyne & Lorimer (1994) distribution of kick velocities. This predicts a 3D velocity distribution for the surviving binary systems with a mean value of 140 km s ¹1 -agreeing well with the results of our study. This demonstrates that the observed velocities of millisecond pulsars are consistent with birth kick velocities lying at the low end of the global neutron star distribution. Ramachandran & Bhattacharya (1997) reached similar conclusions by comparing the kinematics of millisecond pulsars and low-mass X-ray binaries.
Although the velocity dispersion of millisecond pulsars is lower than that of the normal pulsars, their underlying z-distribution is very broad. From our dynamical simulation of the orbits of millisecond pulsars in the local solar neighbourhood we find, for instance, that, for a Maxwellian birth velocity distribution with a mean 3D velocity of 130 km s ¹1 , the median and mean values of jzj are 570 pc and 1.1 kpc respectively. Many of these pulsars will therefore lie above the layer of ionized material, which has an effective half-width of ϳ1:6 kpc (Taylor & Cordes 1993) . The observed z-distribution of the sample of millisecond pulsars in Table 5 has median and mean jzj values of 314 and 383 pc respectively, reflecting the bias against detecting pulsars at large heights above the Galactic plane.
C O N C L U S I O N S
We have designed and implemented a system using the Parkes radio telescope and workstation networks to search for millisecond and low-luminosity pulsars over the entire southern sky. A total of 17 millisecond pulsars and 84 other pulsars were discovered, and a
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᭧ 1998 RAS, MNRAS 295, 743-755 Figure 11 . The observed (stepped solid line) and model-observed cumulative distributions for millisecond pulsars in V t for each of five models with different initial velocity distributions (see text).
